The semiselective salt-starch-agar formulation of Baross (1, 11) . The growth of competitive organisms, however, made isolation and identification of V. parahaemolyticus from sea fish and sea fish products difficult. Consequently, new selective media were proposed and used by Japanese investigators (2, 6-8, 10). It is not apparent that these new media resulted from systematic studies of the effect of each of their constitutents on the growth of V. parahaemolyticus or competitive species typical of the marine environment. In addition, in our hands many of these media exhibited inadequate recovery of strains of V. parahaemolyticus. Recently, Baross and Liston (3, 4) formulated a semiselective salt-starch-agar (0.5 % soluble starch, 0.3% peptone, 0.1% yeast extract, 0.5% NaCl, 1.5% agar; pH 7.5) upon which they recovered V. parahaemolyticus from sea fish and seawater. The present study was initiated to make an appraisal of these constitutents to formulate an improved V. parahaemolyticus isolation medium by modification.
The first description of Vibrio parahaemolyticus by Fujino et al. (5) in 1953 followed the isolation of the organism on conventional media. After its identification as a halophile by Takikawa (13) in 1958, many early investigators continued to isolate V. parahaemolyticus on conventional media supplemented with 3%0 salt (1, 11). The growth of competitive organisms, however, made isolation and identification of V. parahaemolyticus from sea fish and sea fish products difficult. Consequently, new selective media were proposed and used by Japanese investigators (2, (6) (7) (8) 10) . It is not apparent that these new media resulted from systematic studies of the effect of each of their constitutents on the growth of V. parahaemolyticus or competitive species typical of the marine environment. In addition, in our hands many of these media exhibited inadequate recovery of strains of V. parahaemolyticus. Recently, Baross and Liston (3, 4) formulated a semiselective salt-starch-agar (0.5 % soluble starch, 0.3% peptone, 0.1% yeast extract, 0.5% NaCl, 1.5% agar; pH 7.5) upon which they recovered V. parahaemolyticus from sea fish and seawater. The present study was initiated to make an appraisal of these constitutents to formulate an improved V. parahaemolyticus isolation medium by modification.
MATERIALS AND METHODS
Cultures. Seven representative strains of V. parahaemolyticus (SAK-K3, KA-K4, SJ-K7, KA-K18, SJ-K18, SJ-K28, and YM-K33) used in this study as well as five strains of suspected V. parahaemolyticus isolated from tissue infections (CDC A6614, CDC A8633, CDC A5704, CDC A5002, and CDC A4871) have been described and their maintenance conditions have been outlined (14 
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Growth rate studies. The selection of nutrient constituents depended on their effect on the growth rate of V. parahaemolyticus expressed as generation time. Strains of V. parahaemolyticus were grown on Trypticase Soy Agar plus 2.5% NaCl for 18 hr at 35 C. Growth was suspended, and cultures were washed three times by centrifugation at 2,000 X g and suspended in buffered saline [1.165%'O NaCl, 5 .36%c Na2HPO4-7H20, 0.544% KH2PO4 (pH 7.2)]. The optical density was adjusted to 0.3 at 620 nm in a Coleman Junior spectrophotometer. The suspension was diluted 1:10 in buffered saline, and 0.5 ml was inoculated into 49.5 ml of experimental broth, placed in duplicate 300-ml nephelo-culture flasks (no. 520, Bellco Glass, Inc., Vineland, N.J.) with a sidearm (19 by 130 mm) for measuring turbidity. Culture flasks were incubated at 35 C and 160 rev/min in a gyratory shaker (New Brunswick Scientific Co., New Brunswick, N.J.). Viable cell counts were prepared from serial dilutions, and turbidities of flasks were determined at appropriate intervals from 0 through 24 hr. The generation time for a given medium, determined from the maximum tangent of a semi-log plot of turbidity versus time, equaled the shortest time for doubling optical density. Duplicate determinations were averaged.
Nutrient media and constituents examined included Trypticase Soy Broth, Trypticase, Thiotone, Phytone, and gelatin (BBL); Tryptic Soy Broth, Brain Heart Infusion, yeast extract, peptone, Casamino Acids, proteose peptone, beef extract, dextrose, and soluble starch (Difco); potato starch and 1-cysteine hydrochloride (Fisher Scientific Co., Pittsburgh, Pa.); and cornstarch (Corn Products Co., Englewood Cliffs, N.J.).
Inhibition studies. Preliminary selection of inhibitory agents was based upon the quantity of growth appearing in experimental broth containing inhibitors after 18 hr at 35 C. Test media were inoculated from 18-hr Brain Heart Infusion or Brain Heart Infusion plus 2.5%7O NaCl broth.
The final choice of inhibitors depended upon an analysis of the minimal inhibitory concentrations (MIC). The MIC's of inhibitors were determined by the gradient agar plate technique (12 Recovery studies. The efficiency and sensitivity of the modified isolation medium were determined by a comparative examination of the recovery of strains of V. parahaemolyticus from pure culture suspensions and mixed natural flora. The latter condition provided the competitive microflora of the marine environment. Strains were grown, harvested, and suspended to known optical density in buffered saline. They were then diluted to an initial concentration of 106 to 10' cells/ml in buffered physiological saline or fish homogenate (frozen haddock fillets, thawed, suspended in four volumes of buffered physiological saline, and blended at high speed in a Waring Blendor for 2 min). Viable cell counts were prepared from serial dilutions of the initial suspensions. Plate counts were compared after 18 hr of incubation at 35 C. Counts were verified by subculturing 10 representative colonies into media designed to test sucrose fermentation, salt tolerance, and indole and acetoin production (11, 14) . Selective media formulations compared with the modified isolation medium included BTB-Teepol agar and TCBS agar [described by Sakazaki (10) ] and salt-starchagar [described by Baross and Liston (3, 4)1. RESULTS A preliminary comparison of growth rates, expressed as generation times, of V. parahaemolyticus SJ-K18 grown on various conventional media suggested that a simple peptone-salt medium supported the most rapid growth (Table 1) .
In subsequent investigation, the comparative abilities of several different nitrogen sources to stimulate the growth rates of strains of V. parahaemolyticus were tested ( Table 2 ). The concentration of peptone that supported the most rapid growth of strains in the simple buffered salt medium was 2.0%. Proteose peptone and Thio- When penicillin was tested, however, the MIC's exhibited against four species (S. aureus, E.
colil, B. cereus, and S. senftenberg) were significantly less than the mean MIC for the V. parahaemolyticus strains. For another three species (S. liquefaciens, A. aerogenes, and S. flexneri), the MIC's were of the same order of magnitude as for the Vibrio strains. Penicillin appeared to be a useful inhibitory additive for the basic isolation medium. Nevertheless, A. faecalis, P. aeruginosa, and P. vulgaris still failed to be repressed by levels of penicillin that were inhibitory to the majority of V. parahaemolyticus strains.
The recoveries of strains of V. parahaemolyticus and some competitive species from pure buffered suspensions by the basic isolation agar containing different concentrations of penicillin were compared (Table 5 ). Over 62% of the most sensitive Vibrio strain (YM-K33) were recovered at a concentration of 5 units of penicillin per ml.
Four competitive species yielded good recoveries at that inhibitor concentration (A. faecalis, P. aeruginosa, P. vulgaris, and S. flexneri).
The inability of the selective agents tested completely to inhibit unwanted competitors necessitated the addition of a differential indicator system. All strains of V. parahaemolyticus (14) but only an occasional strain of the four tested interfering competitor species hydrolyze starch. Therefore, partially soluble cornstarch was substituted for the soluble starch in the basic isolation medium. The rapid growth of V. parahaemolyticus on this medium permitted viable plate counting of colonies with large hydrolytic zones at 18 hr. The occasional competitive strain that hydrolyzed starch required 48 hr of incubation on the modified Vibrio isolation medium and at 18 hr did not exhibit hydrolytic zones.
The final formulation of the modified isolation medium included: peptone, 2.0%; yeast extract, 0.2%; cornstarch, 0.5%0; NaCl, 3 1.5%c (pH 8.0). Penicillin was at levels of 0, 2, and 5 units/ml. The per cent recoveries of V. parahaemolyticus from initial suspensions of 105 cells/ml in physiological saline or fish homogenate upon BTBTeepol, TCBS, salt-starch-agar, and the modified isolation medium are compared in Table 6 . In all cases, the last recovered Vibrio strains more efficiently. Although paired plates of salt-starchagar were always incubated both anaerobically [as described by Baross and Liston (3, 4) ] and aerobically, the latter condition invariably gave better recovery. These aerobic results are reported in Table 6 . The presence of fish homogenate adversely affected recoverability of certain strains (notably KA-K4 and SJ-K7), but this effect appeared most often with the more efficient BTB-Teepol and modified isolation agars. The addition of penicillin either to modified isolation medium or to the original salt-starch-agar formulation decreased recoverability, but the effect was more noticeable with the latter.
The sensitivity of both BTB-Teepol and modified isolation agar varied with the strain (Table  7) . At an initial concentration of 105 cells/ml, recovery from fish homogenate varied with the strain used from 69 to 96% for BTB-Teepol and from 60 to 119% for the modified isolation (9) . In the present study, recovery of V. parahaemolyticus based upon the use of TCBS compared unfavorably with the modified isolation medium. It is possible that substitution of the latter medium for TCBS in the membrane technique would improve recovery significantly and perhaps allow quantification.
